ABSTRACT
poor patients (aOR = 1.21, 95% CI = 1.12-1.31). Adding race, ethnicity, and poverty to the risk adjustment model resulted in a small increase in C-statistic (0.8260 to 0.8265, p = 0.002). No hospitals moved into or out of the highest-performing decile when adjustment for race, ethnicity, and poverty was added, but the three hospitals that moved out of the lowest-performing decile, relative to other hospitals, had significantly more nonwhite and Hispanic patients (68% vs. 11%, p < 0.001) and poor patients (56% vs. 10%, p < 0.001).
Conclusions: Sociodemographic risk adjustment of emergency care-sensitive mortality improves apparent performance of some hospitals treating a large number of nonwhite, Hispanic, or poor patients. This may help these hospitals avoid financial penalties in pay-for-performance programs.
A s value-based purchasing has become an increasing determinant of payments to hospitals by the Centers for Medicare & Medicaid Services (CMS), there has been increasing scrutiny of the measures used in public reporting and benchmarking.
1,2 Riskadjustment modeling for quality measurement has emerged as a key area of debate, with metrics of hospital performance determining penalties of up to a few percentage points of all Medicare payments. [3] [4] [5] [6] [7] [8] In particular, there are growing concerns that safety net hospitals treating more socioeconomically disadvantaged patient populations are subject to disproportionate financial penalties by the current risk adjustment methodologies used in value-based purchasing programs. [9] [10] [11] [12] [13] [14] [15] The National Quality Forum (NQF) has specifically noted that penalties could ultimately exacerbate disparities through hospital closures or providers limiting service to disadvantaged patients if these factors are not considered. 16, 17 However, there is mixed evidence on the potential impact of proposals to adjust hospital rankings and associated penalties for sociodemographics, particularly for safety net hospitals that treat disproportionate shares of nonwhite, Hispanic, and poor patients. NQF has recommended inclusion of sociodemographic factors like race, ethnicity, and poverty into risk-adjustment models when there is conceptual and empiric evidence that a disparity in the measured process or outcome exists. To our knowledge, the effects of sociodemographic adjustment have not been examined at all in the setting of emergency care-sensitive conditions, which NQF has been examining as a metric of hospital quality. [18] [19] [20] [21] [22] [23] To address this knowledge gap, we conducted a study on five emergency care-sensitive conditions for which there is both theoretical and empirical evidence for the impact of sociodemographics on outcomes: 24, 25 trauma, 26 severe sepsis, 27 ischemic stroke, [28] [29] [30] cardiac arrest, 31 and ST-elevation myocardial infarction (STEMI). 32, 33 Reasons for sociodemographic disparities in these outcomes include delayed presentation, prehospital care, and triage, 32, 34, 35 as well as delayed symptom recognition among minority patients. 29 Perhaps most significantly, existing administrative claims-based modeling techniques cannot adjust for racial disparities in the severity and complexity of common comorbidities. Prior studies have shown that, for example, among black patients, cardiovascular disease risk factors are not only more common but also more often uncontrolled and associated with higher mortality. [36] [37] [38] [39] Similarly, low income has been associated with higher mortality among diabetics. 40 Uninsured trauma patients have had more unrecognized comorbidities and higher mortality, further raising the paradoxical possibility that an absence of previously diagnosed comorbid disease could actually be a marker of poor access to treatment and prior poor health. 41 In any case, undocumented or poorly controlled comorbid conditions can serve as unmeasured confounders in risk adjustment models. These issues may especially complicate modeling for safety net hospitals and underestimate the burden of comorbidities. 42 We performed a statewide cross-sectional analysis of in-hospital mortality among patients with emergency care-sensitive conditions to answer two key questions about the inclusion of race, ethnicity, and poverty in benchmarking models. First, what is the impact of including race, ethnicity, and poverty on the predictive accuracy of the risk adjustment models? And second, how does adjusting for race, ethnicity, and poverty affect hospital rankings, in particular for safety net hospitals? We hypothesized that not adjusting for race, ethnicity, and poverty would lead to inferior rankings for hospitals that cared for a disproportionate share of nonwhite, Hispanic, and poor patients.
METHODS

Study Design and Analysis
We performed a retrospective analysis of 2011 statewide, all-payer inpatient administrative claims data ACADEMIC EMERGENCY MEDICINE • August 2018, Vol. 25, No. 8 • www.aemj.org from the Pennsylvania Health Care Cost Containment Council (PHC4). The PHC4 Inpatient Discharge Data File contains data for all admissions to 157 hospitals in Pennsylvania. We limited our analysis to patients admitted through an emergency department (ED), thus excluding patients who were admitted directly from another healthcare facility, but including ED-to-ED transfers who were ultimately admitted. We restricted our study population to adults (18 years of age or older) who had at least one of five emergency caresensitive conditions present on admission based on ICD-9-CM codes (see Data Supplement S1, available as supporting information in the online version of this paper, which is available at http://onlinelibrary.wiley. com/doi/10.1111/acem.13485/full): ischemic stroke, STEMI, out-of-hospital cardiac arrest, severe sepsis, and trauma (stratified by Injury Severity Score [ISS] as minor, moderate, or severe). This study was approved by the institutional review board at the University of Pennsylvania.
Outcomes and Measures
The primary outcome was in-hospital mortality. Race and ethnicity were dichotomized as non-Hispanic white or nonwhite, which included Hispanic patients of any race. 43 Poverty status was similarly dichotomized. Patients were considered poor whenever any of three criteria were met: if the patient did not have insurance (1), had Medicaid (2), or lived in the bottom quartile of zip codes in Pennsylvania ranked by median household income 44 (3) . All other patients were considered nonpoor, meaning that none of the three criteria were satisfied. Of note, during this study, Medicaid enrollment among nondisabled adults was limited to parents below 46% of the federal poverty level, as it took place prior to Medicaid expansion and the insurance exchanges stipulated in the Affordable Care Act. 45 Covariates included in the regression were adapted from methods and variables used by Newgard and colleagues 46 to study the quality of trauma hospitals. We included age, sex, transfer status (as a proxy for case severity), emergency care-sensitive condition (with patients presenting with more than one of the five conditions grouped into a "multiple diagnoses" category, and trauma patients further stratified by ISS and penetrating versus nonpenetrating mechanism), and number of comorbid conditions (based on the Elixhauser comorbidity index 47 ). For each group, we compared categorical variables using chi-square tests and continuous variables using Mann-Whitney tests with medians and t-tests with means.
Statistical Analysis
We developed two risk-adjusted models using logistic regression to predict in-hospital mortality. Model 1 used all covariates listed above, except for patient race, ethnicity, and poverty. Model 2 included patient race, ethnicity, and poverty status, in addition to a race or ethnicity and poverty interaction term. We calculated adjusted odds ratios (aORs) of mortality for race or ethnicity and poverty that controlled for other patient covariates. To further determine whether there were within-hospital differences in mortality according to sociodemographics, we added hospital-level fixed effects. We compared the predictive accuracy of our models with C-statistics.
We then computed and ranked observed-to-expected mortality ratios (also known as standardized or excess mortality ratios) for each hospital using models with and without sociodemographics. 48 Pearson correlation coefficients assessed the relationship between hospital patient demographics and changes in mortality from Model 1 to Model 2. 49 Finally, we examined characteristics of hospitals moving into or out of the bottom and top deciles of mortality between models. Subgroup analyses were conducted to generate separate models for each emergency care sensitive condition, as well as a model for patients less than 65 years old. Stata 13.1 software was used for all analyses. 50 Table 1 reports demographic variables and admission diagnoses for our study sample of 170,750 inpatients admitted to 157 hospitals. Across all groups, most patients (54.6%) were admitted for trauma, but this was especially true for nonwhite or Hispanic and poor patients, who were also younger, had fewer comorbidities, and were more likely to be male; to be transferred across hospitals; and to be admitted with cardiac arrest, which had the highest mortality. A total of 3,774 (4.0%) of 95,576 trauma patients had a penetrating mechanism involving a firearm, stabbing, or other cutting. Of the 56,643 admissions with ISS information, most were classified as minor (ISS < 9-45,743, 80.8%), and the remainder moderate (ISS 9 to 14-7,386, 13.0%) or severe (ISS greater than 14 -3,514, 6.2%). The overall mortality rate for all emergency care-sensitive conditions was 6.9%. Unadjusted mortality was higher among nonwhite or Hispanic patients (7.7% vs. 6.7%, p < 0.001) but lower among poor patients (7.1% vs. 6.1%, p < 0.001). Table 2 reports parameters from risk adjustment models. After covariates were adjusted for, mortality was significantly higher among both nonwhite or Hispanic patients (aOR = 1.27, 95% confidence interval [CI] = 1.19-1.36, p < 0.001) and poor patients (aOR = 1.21, 95% CI = 1.12-1.31, p < 0.001). This remained true after adding hospital fixed effects, suggesting that nonwhite or Hispanic and poor patients were more likely to die even within the same hospital. Model 2 (which included race, ethnicity, and poverty) had a statistically significant higher predictive accuracy than Model 1 (which did not include race and poverty), although the absolute differences in C-statistic were small (0.8265 vs. 0.8260, p = 0.002). No hospitals moved into or out of the top decile when adjustment for race, ethnicity, and poverty was added. However, three hospitals moved out of the bottom decile (which was composed of 16 hospitals in total) after adjustment for race, ethnicity, and poverty. Compared to all other hospitals, these three hospitals had more nonwhite or Hispanic patients (68% vs. 11%, p < 0.001) and poor patients (56% vs. 10%, p < 0.001), as well as younger patients (median = 62 vs. 74, p = 0.002), and more admissions overall in our sample (1,375 vs. 1,088, p = 0.70, not statistically significant, but 26% higher) ( Table 3 ). Figure 3 summarizes movement among deciles after sociodemographic adjustment was added using an alluvial diagram and shows few changes among the bestperforming hospitals. 51 Subanalyses for patients less than 65 years old and by diagnosis are summarized in Table 4 . Results were broadly similar to the main analysis. Adding race, ethnicity, and poverty to these models again led to small improvements in predictive accuracy, with severe sepsis showing the most pronounced changes in C-statistic.
RESULTS
DISCUSSION
In our analysis of patients admitted through EDs at 157 hospitals for emergency care-sensitive conditions, we find that disparities in mortality by race, ethnicity, and poverty status persist even after adjustment for covariates and for hospital quality. Furthermore, adjustment for sociodemographics meaningfully affects measured performance in hospital rankings Specifically, some larger hospitals treating a higher percentage of nonwhite or Hispanic and poor patients, traditionally known as "safety net" hospitals, were no longer ranked in the bottom decile. This could have far reaching policy implications. In hospital value-based purchasing models, such as the ones administered by CMS and proposed by the NQF, that include emergency care-sensitive conditions, these hospitals might avoid penalties if sociodemographic adjustment were incorporated. This is important because safety net Figure 1 . Observed-to-expected mortality ratio by hospital using risk adjustment modeling with and without sociodemographics, plotted against the percentage of patients in our sample classified as nonwhite, Hispanic, or poor (on the x-axis). Each hospital is represented by a vertical arrow that starts at the mortality ratio computed without sociodemographic adjustment and ends at the mortality ratio computed with sociodemographic adjustment (the tip of the arrowhead). The y-axis is inverted so that better survival (lower observed-to-expected ratio ratios) are toward the top, so an upward (green) arrow represents improvement when sociodemographics are included in modeling, and a downward (red) arrow represents worsening. 
Apparent Performance of Hospitals by Patient Sociodemographics
Poor Patients
Mortality Change with Sociodemographic Adjustment Figure 2 . Scatterplot of changes in hospital observed-to-expected mortality ratio when sociodemographics are added to risk adjustment modeling, plotted against the patient demographics at each hospital in our sample (on the x-axis). Hospitals with improvement in model 2 relative to model 1, which lacked race, ethnicity, and poverty measures, rank higher on the y-axis. 
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In accordance with prior literature, we also observed significant sociodemographic disparities in mortality for emergency care-sensitive conditions in Pennsylvania, with poor and nonwhite or Hispanic patients having worse outcomes even after adjustment for potential confounders, including the hospital where they were treated. While we also found that adjustment for sociodemographic factors minimally changed the overall accuracy of mortality predictions in our sample, adjustment did change hospital rankings, which is consistent with a prior analysis of CMS risk adjustment models. 55 Studies of performance measures in nonemergency care have previously demonstrated changes in relative hospital performance with sociodemographic risk adjustment, but they have differed in the direction of the effect on rankings. Facilities that treated high proportions of disadvantaged patients were penalized on dialysis metrics, 56 but rewarded by metrics for joint replacement, 57 pediatrics, 58 and primary care. 59 These differences in the direction of effect may be attributable to unmeasured disease severity and comorbidities as well as other nonpatient factors, such as geography and neighborhood environments, which can all affect prognosis.
Although disparities have been extensively studied in the emergency setting, for example, Merchant and colleagues' findings that black cardiac arrest patients were more often admitted to high-mortality hospitals, [60] [61] [62] [63] [64] there are few studies of risk-adjusted hospitallevel emergency care metrics. 65, 66 No prior work has assessed the potential effects on hospital rankings of including sociodemographics in emergency care metrics, and this study offers key insights into which types of hospitals might benefit from adjustment.
We acknowledge that including sociodemographics in risk modeling may be controversial. While it seems natural that metrics of hospital quality should adjust for medical comorbidities like diabetes that might complicate a patient's care and be associated with worse outcomes, social determinants of health-like race, poverty, and other metrics of socioeconomic statusare often viewed in a different light. In part, this may be because their association with adverse outcomes may be avoidable. Ideally, being poor should not predispose a person to higher mortality, but unfortunately -in our study and many others-it does. 67 One could argue that hospitals should seek to mitigate the association between sociodemographics and health outcomes, both at the individual and at the community level. Hospitals do bear some Age (years), mean (AESD) 62 (9) Poor patients 56% (29%) p < 0.001
No hospitals moved into or out of the best-performing decile of observed-to-expected mortality. p-values are calculated from t-tests against all other hospitals. IQR = interquartile range.
responsibility for community health and certainly should be penalized for discriminatory care. However, a hospital's ability to impact community health is particularly limited in the emergency care setting, where critically ill patients already bear a chronic inflammatory burden from decades of increased stress. [68] [69] [70] [71] Our findings may also have implications for risk adjustment of nonemergency care metrics. In some of these fields, for example, coronary artery bypass surgery, public reporting of risk-adjusted outcomes (that did not account for sociodemographics) appeared to deter surgeons from operating on black and Hispanic patients, 72 and in outpatient substance abuse care, a pay-for-performance scheme appeared to deter providers from treating more severe cases. 73 For the emergency conditions we study here, acuity and geography will determine initial hospital of presentation. Even so, "cream skimming" of patients is still possible via interhospital transfers. Prior studies have shown that privately insured patients, even with severe injuries, are less likely to be transferred out of non-trauma center hospitals than uninsured or Medicaid patients. [74] [75] [76] [77] [78] [79] Consequently, unintended consequences associated with either adjusting or not adjusting for sociodemographics need to be carefully considered. 80 
LIMITATIONS
Our study has several limitations. First, we only had access to sociodemographic data from the index encounter and thus could not assess for other important covariates such as social security and disability status that might be included in data available to CMS. Our composite measure of poverty status is also an imperfect proxy for socioeconomic status, especially among white patients, 81 but it has been validated and used previously when direct measures of income and poverty were unavailable in other medical record-based Table 4 Results data. [82] [83] [84] [85] While dichotomization of race and ethnicity into non-Hispanic white versus all other Hispanic and nonwhite patients helps to minimize potential data standardization, overspecification, and interpretation issues with out our regression model, this simplification necessarily also conflates race and ethnicity as distinct demographic characteristics.
We use in-hospital deaths, a patient-centered outcome, as our only metric of hospital quality. This assures that even small effects, such as the relatively low number of hospitals that changed mortality deciles (three of 16), may be clinically significant to patients and families. Disparities in subsequent inpatient rather than ED care could also contribute to our findings, although metrics for both these settings may be merged in purchasing models as well. We did not examine deaths taking place in the ED prior to admission, but such deaths may be more attributable to prehospital factors rather than the quality of emergency care, which could of course demonstrate their own disparities. Indeed, there are known racial differences in bystander intervention, 86 prehospital resuscitation, 87 and intensity of end-of-life care. 88 Accordingly, inclusion of prehospital and postacute care process or outcomes measures might produce different results.
Finally, our analysis was restricted to one state, which is relatively white and affluent compared to the national average.
89 Substantial regional differences have been previously found in the effects of adjustment for comorbidities that may lead to different findings in other markets. 90 Replication using data from other states and incorporating a broader spectrum of diagnoses, axes of disparity, and potential confounders is necessary to validate our findings.
CONCLUSIONS
In summary, our findings have important implications for policy by illustrating the potential effect of new metrics of emergency care quality on hospital reimbursements and financial health. We demonstrate substantial potential financial benefits from sociodemographic adjustment for safety net hospitals taking care of vulnerable patients. Within the broader debate about the role of safety net hospitals, we also provide key evidence on potential effects of payment reform on nonemergency care and on hospital markets more generally. It is critical to ensure that disparities in care are neither obscured nor institutionalized by the inclusion of sociodemographics in risk adjustment models. In accordance with the National Academies, 91 we recommend including sociodemographic adjustment in payment models to avert harm to safety net hospitals and vulnerable patients, but caution that close monitoring, reporting of adjustment trends (including other comorbidities), and robust data transparency (including rankings stratified by sociodemographics) are required to avoid exploitation of these adjustments. We also urge the Centers for Medicare & Medicaid Services to consider other novel risk adjustment frameworks, including models that account for demographics of a hospital's catchment area, in an attempt to actively arrest cream skimming behavior and identify model hospitals providing excellent care to disadvantaged patients. We hope that these findings can inform and deepen the discussion about how best to support and encourage highquality care to all patients using hospital-level quality measurement and payment reform policies. 
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